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12.0 THRUST PROGRAMS 




P40 DPS THRUST 



MAJOR SUBROUTINES AND EXTERNAL E 

JNTRY POINTS 


P40LM P40 DPS THRUST PROGRAM SH. 

P40SXT4 CALL ATTITUDE MANEUVER ROUTINE SII. 

S40. 1 COMPUTE INITIAL THRUST DIRECTION AND SH. 

VELOCITY TO BE GAINED 

S40. 2,3 COMPUTE PREFERRED IMU ORIENTATION SH. 

5 


THE ENCLOSED REPLACEMENT SHEETS WILL UPDATE 

THE LUMINARY 69 FLOWCHART FC-3800, REV. 0. TO 
LUMINARY LA (LUMINARY 99) FLOWCHART FC-3800, 



THE EFFECTIVE SHEETS FOR LUMINARY 

7'”' 



SH. 5-6 

p 

• 







INSTRUMENTATION IA1 

j - 



CAMBRIDGE, MASS. 


P40 


r~D-<AWN 

S.MAY0 DPS THRUST 



^£^1 LUMINARY 1( 

* -- 

: . oo 

























































L THROTTLE 
:ngine PARAMETER: 
PS EXHAUST VELOCIT 


output: ut: initial thrust 
direction 

vgtig : initial value o 


input: ut; Rtig, refsmmat m 
output: xscref m :preferred ir 


desired attitude 

















































































































































































































SUBROUTINE'S. 

P40 SXT4 CALL IkTTITUOC M4NEOVSK ROOTlNe 

■S*\o .X COMPUTE. INITAAL-TVRUST OltCCnOVI KUO VELOOTTTO RE ©AIMED 

540.1^ COMPUTE PREFERRED 1 MO OR.ICLITATION 

on oTMBR. chairtr. 

col BOTH 1 MU STATUS. CHEOC. 

ALARM STORE ALARM CCjOET 

PPHTE OB. EERO ATTITUDE ERRORS.SET 1 DEADCAUO 

ZATTEROR. WORE COO OE'AieED, 1EEO INPUT TO AUTOPILOT 

SET MIND & SET 0.1° DEA&BAND 

CEATORDB SET DEAOEAUDD ASTROWUKT BELEC.TED MA-LAJE 

R&OL.EM PERFORM AUTO ATTITUDE MANEUVER. 

GET. LVC- CONVERT INPUT VECTOR.TO LOCAL VERTICAL COORDINATES. 

IUITVEL CALCULATE VELOCITT FOR TAREETIUO MANEUVER 


F\tu<5*5> 

MEANING. 

SET 

CLEARED 

TESTED 




cSZred-peom^fuliT'throttle 


SN3 




BAXISFLG. 

BE.T-UMJEOVe*. =>T*tC.VF\t.O BYTHRJEE W<ES» 


SH4 




TDELVFLO. 

<=>E-T — EXTER.K1M- DCLTAsV VG COUFVJY«\OVA 

C uE^tD - L^'sA'aevc.T (^IMPOIYJT) V© C0MPUT«\0^ 



SN 5 










NORM SIN 

SET- UWIT WORUM. CO*APUTE-0 
CLEAs^.E.D-UW\TKIO«U^\-WOT COWPOTE.O 



SHE 



— 

EET-PRtrtERED ATTITUDE COMPUTED 
CLEARED—PREFERRED ATTITUDE NOT COMPUTED 

SN7 





n,SCLAVS 

me*w\ug» 






V1CNAD 

Rl-TTOGO -XXBXX M\M-^C-T\METOCOTOF 
RZ- V<*Dl«=.P-XXX*.* FT/^BL-VE\-PC.»TYTOSE 
R^- OyToTtsV-VXXX.X FT/^EC.-TOT^L CD^-\-XP' 

Iaineo 


SM4 



vifeues 

rO (V**C^ 

RI|V&y (&OOY) vxxX.VFT/sec |VGY(uM^ 

] COMPONENTS, OF 

| V© VECTOR- 

BH4 



ALARMS 




u^»e.c=> 



LTO & 

I ISJCORRE-C-T F=C20&«^VA ^.ELECTttD FOR 

1 VEHICLE COV^V=\G»'0RAl'V\C>M 



H* 

1 



meaning. 


UNITS 

SCALING. 



VINIT v 

VELOCITY #<T TVVAC. OF \CiMVT\0^ 

M/CSC 




R\KilT v 

PO«bmO*sl AaT T\VAC OF \G»V\\T\ON 

M 




V&TKa y 

1 KilT1 A-\_ VELOCITY TO BE &WWED 

M/OSCC 




UT V 

DEV RED THWV QiaECTiOU 

ONVrVECTOH 




X^»CR.EF V 

^ VAJIKiCb^s-L.E.VE-V- WEKD-UP 

UNIT VECTOR 

Z 1 



YSC RtP y 

^ LM ORIENTATION IN 

UNIT VECTOR 

2> 



KCREF, 

J REFERENCE COORDINATES 

UNIT VECTOR 




1^0 

EU61UE THRUST 

M-MEWTON? 

I z 1 









TO FCAYc, 

ATT7ML.-OFF T\VAE TV*w\E. OF EViQAttEL 

CSEC 

lES 





* J 

i-hemtaat = 

’ «Vfpn» 




LO£><S.«T 1-ZRAA 

£$$&&S W"* FC-3800 

^ 1, 


























































%ic*sjlvm.ue STotsD 


roP^ D 

DPS ENGINE THR.UST 

9712.5 POUNDS 

M-WtMTOM', 4 

* 


CONVERSION FACTOR 

*. %» 

.31630989 

| 

TOE.CAV 0 

DPtEU&IUEAJ,^ ^T>*A& 

o.oe» sec. 

- S. C«,EC. 



*Ul-M©ATOVrt> = lO A VIE WTO VA*! 


ADDED FLAG F 

FLAG MEANING WHEN SET P 


5 THRUST 

IEN CLEAR 


ASCENT STAGE 


DESCENT STAGE 


si.rlLvu itJiu-iz. 


ORS 'TVX^.O'^.T' 

luminary 1G . 












































































































S** - ** LUMINARY 
&&>■ - 


FC-3810 


































































































































FROM PRECEDING SHEET 



_ Jrfa. (Lh^u. tl> 


t-ik-ta 

ate Ll 


RCS THRUST 

" BY1C FC-3810 










































































































































PUSHLIST 
































SUBROUTINES 

ON THIS CHART 

S41.1 TRANSFORM VECTOR FROM REF. COORDINATES TO BOD\ 
CALCN85 CALL VG CALCULATION UPDATE 
UPOATEVG UPDATE VG CALCULATION 

540.8 X-PRODUCT STEERING 

540.9 COMPUTE VELOCITY; VELOCITY-TO-BE-GAINED ANO E 


VECTORS 


< OTHER CHARTS 

ROEBOTH I MU STATUS CHECK 

S40.4 COMPUTE UT AND VGTIG VECTORS 

S40.2;3 COMPUTE PREFERRED IMU ORIENTATION 

ZATTEROR STORE CDU ANGLES IN CDU DESIRED , ZERO INPUT TO AUTOPILOT 
SETMINDB SET 0. 3° DEADBAND 
' P40SXT4 CALL ATTITUDE MANEUVER ROUTINE 
DELAYJOB DELAY SCHEDULED JOB 

TMPTOSPT LOAD CDUS CORRESPONDING TO PIPTIME IN CDUSPOT VECTOR 
TRG*SMNB TRANSFORM FROM SM TO NB COORDINATES 
*SMNB* TRANSFORM FROM SM TO NB COORDINATES 

V1STOBS CONVERT l'S COMPLEMENT ANGLES TO 2'S COMPLEMENT ANGLES 
ALARM DISPLAY ALARM CODE 

HAVEGUES CALCULATE VELOCITY FOR TARGETING MANEUVER 


SET CLEARED TESTED 


NJETSFLG 

CLEARED - FOUR C JET B RCS BURN 



SHB 

XDELVFLG 

SET-EXTERNAL DELTAV VG COMPUTATION 
CLEARED-LAMBERT (AIMPOINT) VG COMPUTATION 



SHS,T 











STEERSW 

SET-STEERING TO BE DONE 

CLEARED-STEERING OMITTED 


SH8 

SHB 

IMPULSW 

SET-MINIMUM IMPULSE BURN 

CLEARED-STEERING BURN 

SHB 



AVFLAG 

SET-AVERAGE G (SERVICER) DESIRED 

CLEARED-AVERAGE G (SERVICER) NOT DESIRED 

SH<E 



NORMSW 

SET-UNIT NORMAL COMPUTED 

CLEARED-UNIT NORMAL NOT COMPUTED 



SHS /9jl a 


v . COMPONENTS C 

3v(BODY) XXXX.X FT/SECjvGY(UM)j- VQ VECT0R 


*• 6*ussa 

■dm 

a».m a — 
































F„ 

THRUST FOR ENGINE USED 

• M -NEWTONS 

a t 

VGBOOY v 

VELOCITY TO BE GAINED VECTOR 

m/csec 

2 7 

VG v 

VELOCITY TO BE GAINED VECTOR 

m/csec 

a 7 

AXIDy 

DESIRED THRUST DIRECTION 

UNIT VECTOR 

a 1 

V6D1SP d 

MAGNITUDE OF VELOCITY TO BE 

GAINED VECTOR FOR DISPLAY 

M/CSEC 

2 7 

VGPREV v 

VELOCITY TO BE GAINED VECTOR (FXEVIOUS 

m/csec 

a 7 

TGOo 

TIME LEFT TO BURN 

CSEC 

a 30 

TIG o 

TIME OF IGNITION 

CSEC 

2 28 

AXISv 

ACTUAL THRUST DIRECTION 

UNIT VECTOR 

a 1 

RINITy 

ACTIVE VEHICLE RADIUS VECTOR 

METERS 

5,29 

VINITv 

ACTIVE VEHICLE VELOCITY VECTOR 

m/csec 

a 7 

TNIT d 

TIME OF STATE VECTOR 

CSEC 

gee 

DELLT4 0 

REMAINING TIME TILL INTERCEPT 

CSEC 

g28 

DELVEET3 v 

VELOCITY TO BE GAINED 


a 7 

BDT V 

INCREMENTAL CHANGE OF THE VELOCITY 
TO BE GAINED VECTOR DUE TO RATE OF 
CHANGE OF VELOCITY REQUIRED AND GRAVITY 
VECTOR. THIS ISO v FOR EXTERNAL AV. 


a 7 


M - NEWTONS = 10 4 NEWTONS 






















































































































































P47 THRUST MONITOR 


P47LM SH. 2 

CALCN83 SH. 5 


MIT INSTRUMENTATION LAB 
CAMBRIDGE, MASS. 

APOLLO GUIDANCE AND NAVIGATION 

P47 THRUST MONITOR 

DRAWN -V CincM* - 

PRGMR _ 


LUMINARY 1C FC-8880 

nnf.MR 

8A»*( f 

APPR'Q^V-.^.tSl^wJ 1 

team 

«v 2_is** 7 1 » IS 












( P47LM J 


Output:DELVIMU v ^Measured LM 
maneuver A V in vehicle coordinates 


/MTOTOA V2 


FC-3150 / 


VN1 =velocity vector 
PIPTIME 1 D = output time(TAT D ) 
MPAC n =delta time 

u (TAT d -TIME 2 d ) 


STARTP47 

-TWIDDLE task' 

C(A) 


\ ENDOFJOB / 


Schedule STARTP47 task 


MIT INSTRUMENTATION IAI 
CAMBRIDGE. MASS. 

APOLLO GUIDANCE AND NAVIGATION 

DRAWN -JC^xcSt - 

PRGMR - 


P47 Thrust Monitor 

DOCUMENT NO. 

FC-3830 

LUMINARY 1C 




{£om 

REV - 2 ISHEH2 Of 5 

































(STARTP47) 




7 

/ GROUP4 

/Restart task 

j at next I 

I instruction / 
/ immediately/ 

i 




| AVEGEXIT d -<—AD(CALCN83) d 


P47BODY 7 


Load AVEGEXIT with 2 CADR to 
call CALCN83 routine 


Schedule job 
to display 
Delta V 
components 


Transfer control to 
BURNBABY (master 
ignition routine) 


MIT INSTRUMENTATION LAI 
CAMBRIDGE. MASS. 

APOUO GUIDANCE AND NAVIGATION 

DRAWN -'T-QnepTIa_ 


P47 Thrust Monitor 

PRGMR _ 

ANA! ST 


LUMINARY 1C 

DOCUMENT NO. 
FC-3830 

nnr.MR ( 


APPR'|U2&^ 


)REV 2|SHEET 3 OF n 































DEL VIM U y 
DELVCTL 

4-0 



^P47BOD J 



Kecycie /gqfLASHR \ 


SN83\ 

•y body 
TA-V / 

( Displa 
Proceed! DEL 


Initialize display registers 


Display LM DELTA-V components 

R11 [ XXXX. XFT/SEC AVX along +X a: 

R2 DELVIMU XXXX. XFT/SEC AVY along+Y £ 
R3 I XXXX. XFT/SEC AVZ along +Z a 


\gotopooh/ 


(p40PHSl) 


/Set up 
I restarts 
/ return to 
/ last displa; 


MIT INSTRUMENTATION LAI 
CAMBRIDGE, MASS. 

APOLLO GUIDANCE ANO NAVIGATION 

P47 Thrust Monitor 

ftPAWN J-rtrroilQ- 


PRGMR _ 

A MAI ST 


DOCUMENT NO. 

LUMINARY 1C FC-3830 

„«-up frCXLMet 

r#*t t 



REV 2 | SHEET 4 Of 5 










































(CALCN83^ 


DELVSIN y - DELVCTL y + DELVREFy 
MPAC y - DELVSINy 


DELVCTLy = LM velocity 
components in 
reference coordinates 


/ S41. 1 \ 

/ Transform input \ 
^vector from ref. to bodw 
\ axis coordinates / 

\ FC- 

3810 / 



|delvimu v 

- MPACy| 



/ GROUP 5. 3 / 


body coordinates 


/ Restart task/ 

/REREADAC/ 

/ in 2 sec / 

/qrqup5 I 

/Restart job/ 


[DELVCTLy - DELVSINy 


MIT INSTRUMENTATION LAS 
CAMBRIDGE. MASS. 

APOLLO GUIDANCE AND NAVIGATION 

DRAWN \T-CmcoUQ_ 


P47 Thrust Monitor 

PRGMR _ 

ANALST 


LUMINARY 1C 

DOCUMENT NO. 

FC-3830 




‘2zAm 
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(MASTER IGNITION ROUTINE) 
MAJOR SUBROUTINES ON THIS CHART 


BURNBABY 

ENGINOF2 

P40AUTO 

STCLOK1 


MIT INSTRUMENTATION L 
CAMBRIDGE. MASS. 


APOLLO GUIDANCE AND NAVIGATION 

PRCMl 


LUMINARY 10 | 

DOCMR 

appr^w^.SaJ 

'•h/n 
































































FROM PRECEDING SHEET 






























































































































































































































































































































































































































































































































































































































































































| C*£cAi2tal*ri} 

\Z £>«SE«r' 
































































FROM PRECEDING PAGE 






























































































































SERVICER 


MAJOR SUBROUTINES ON THIS CHART 

PREREAD Sh. 2 

PIPASR, PIPASR + 3 Sh. 5 

SERVICER Sh. 8 

CALCRVG Sh. 17 

CALCGRAV Sh. 17 

COPYCYC Sh. 18 



MIT INSTRUMENTATION L 


APOLLO GUIDANCE AND NAVIGATION 

■_ 


SERVICER 


W 

LUMINARY | 

























































































































, LUMINARY 1 


FC-3850 






































































































































































PRECEDING 



A.C.W1LUAM* 


J LUMINARY 1C 










































































































































































































































































FROM PRECEDING SHEET 





















































































































































LUNAR LANDING 


MAJOR SUBROUTINES ON THIS CHART 


P63LM LUNAR LANDING BRAKING PHASE 

GUILD RET GUIDANCE ENTRY FROM R13 ROUTINE 
P63DISPS P63 DISPLAY ROUTINE ENTRY 

FLATOUT FULL THROTTLE ON DPS ENGINE 


SH 2 
SH 5 
SH 27 
SH 39 


MIT INSTRUMENTATION LAI 
CAMBRIDGE, iMASS. 

APOUO GUIDANCE AND NAVIGATION 

DRAWN 

PRGMR X7Z2 

ANALST W 




Lunar Landing 

^UMINARY 1C 

DOCUMENT NO. 
FC-3900 

docmr 



APPR'O TTT.r.A, 

mjtibl 
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^ P63LM ^ Lunar landing braking phase program 


Group 4 

Set up 

restarts to 
schedule the j 
next location / 
i FINDVAC 
I job with same 
priority 


WHICH P63ADRES 

D VTHRUSH DPS THRSH 
DVCNTR 4 
W CHPH ASE <— -1 
FLPASSO 



Clear NOTHROTL 
Clear REDFLAG 
Clear LRBYPASS 
Set MUNFLAG 
Clear P25FLAG 


Initialize table for BURNBABY 
) Initialize DVMON 

Initialize ignition algorithm 


Remove track-enable discrete 


Permit full throttle 
Landing site redesignation n 
Do not bypass LR updates 
Servicer calls MUNRVG 
P25 not operating 


Clear RNDVZFL G P20 not running 


MIT INSTRUMENTATION l 
CAMBRIDGE. MASS. 

Al 

ANAL ST 


nnCMR yr'HtyJitrf' 

l/f/ll 

APPR-D fYft 



A POLIO GUIDANCE A NO NAVIGATION 


Lunar Landing 


LUMINARY 1C 


FC-3900 

|SHEET 2 0f~ 46 | 





























Landing site vector 
Estimated time of landing 


PL6 d = Time 

Output: MPAC V = R vector 


Outputs: WMy = Lunarrotation vector 
/LAND/ D = Lunar Tadius at 
landing site 


DELTAH d *— 99999 CON e 
UNFC/ 2 y <—0 
TTF/8 n <— 0 


Inputs: TDEClj-j, LM state vector 
Outputs: RATT.y = LM position vector 
VATT y = LM velocity vector 
TAT n = Time 


Initialize for V16N68 display 
Initialize trim velocity correction term 


MIT INSTRUMENTATION LAI 
CAMBRIDGE. MASS. 

APOLLO GUIDANCE AND NAVIGATION 

DRAWN S 


Lunar Land 

ing 

ANALST 


LUMINARY 1C 

DOCUMENT NO. 

FC-3900 

DOCMR 

1/3‘fa 

APPR'D 

II Itfti 
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Input: MPAC y = R vector 
Output: MPACy = GDTl/2 y 


Delivers N passes of quadratic 
guidance 



MIT INSTRUMENTATION LAI 

APOLLO GUIDANCE AND NAVIGATION 

lAfVlDIUlAK., "*»•*'*. 



DRAWN tj 



DOCUMENT NO. 
FC-S900 

aiuict 


glttHUNARY /1C 

rvry. 


APPR'D -4W»!m£i4£M. 
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Lunar Landing 

ANALST 


1 DOCUMENT MO 

LUMINARY ic| FC-3900 

DOCMR 
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From Preening Sheet 
( P65START ) 



X-axis override 
permitted 
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Lunar Landing 

AMALST 



DOCUMENT NO. 
FC-3300 


ibh 



APPR-D 

iiizUiZ 
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From Preceding Sheet 



Enable hand control rupt 



LANDTEMP, 


y«—/LAND / d unit/LAND v -LAND v (THP D -THPOLD D )X WM^ | 


- TTF / 8TM P. + THPj, 


Updated for time since last pass 


/ Update restart / 

/ address / 
/(see note Sh. 5)/ 


Next Sheet 


MIT INSTRUMENTATION Ul 
CAMIRIDGE, MASS. 

APOLLO GUIDANCE A NO NAVIGATION 

DRAWN 


Lunar Landing 

ANALST 


.UMINARY 1C 

DOCUMENT NO. 

FC-3900 

DOOMS 


APPR'D~fl&.. 

uMa. 
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From Preceding Sheet 


'DISPSET 

Compute tim! 

remaining t( 
redesignate 

Sh. 34 7 


.'RIOCHNC 

Change job 

priority 
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ANALST 


LUMINARY 1C 

DOCUMENT NO. 

FC-3900 
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From Preceding Sheet 



I 


Inhibit 

inter¬ 

rupts 


ELINCR ♦—ELINCRl"*] Elevation 

AZINCR ■*— AZI NCR1 | Azimuth 

T 

Next Sheet 
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Lunar Landing 

ANALST 


luminary ic 

DOCUMENT NO. 
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DOCMR 
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From Preceding Sheet 







































Velocity relative to the 
source 

Velocity state in guid- 




coords 

Position state ii 
ance coords 

Depression angle for 
display 

Slant range to landing 
site for display 
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Lunar Landing 
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tUMINAHY 1C 

DOCUMENT NO. 

FC-3900 
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From Preceding Sheet 
(TTF/8CL) 


Load XI Vi 
index for target) 
' parameters / 


TABLTTF < - 

318DP d (RDG + 4jyhci - RGU + 4 D 

TABLTTF +2^ < - 

VDG2TTF D ^X1 + VGU 4 d )3/4DP d 

TABLTTF+4 d ^- 

ADG2TTF d -X1 

TABLTTF+-6 d < - 

JDG2TTF d ^X1 

TABLTTF +10 <- 

BIT 8 

mpac d <- 

' TTF/8 d 

A i - 

TABLTTFL 

L <- 

2 


Load values for 
ROOTPSRS 
routine 


WHATALM 



"Bad return 
from ROOT¬ 
PSRS" 
















































From Preceding Sheet 



-Ratio of lag 

Ratio squared - Ratio 
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Lunar Landing 
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DOCUMENT NO. 
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From Preceding Sheet 




































(- 1 ) 


s.FTRGUIET' 

VCHPHASE 


(+2) 



Next Sheet 
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DOCUMENT NO. 
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ANALST 
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From Preceding Sheet 



Conic integration 

Moon is sphere of influence 


Input: TDEC1 d , TETp, RCV y , VCV V 
Output: RATTly = LM position vector 
VATTly = LM velocity vector 
TAT n = time 
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Liunax j-/«.iiui 

“fi . 

ANALST 


LtthiiNARV ic 

DOCUMENT NO. 

FC-3900 

nncMR rrJfrjX&f 

Wt 

APPR-D &TYW.£jai 

uiuiii 
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( ddumgood ) 


TIG ^-TDECl n -ZOOMTIME 


| OUTOFPLN D <-unit(V v X. R y ) » LAND y ] 


^R60INIT^ 
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ANALST 
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R51P63 routine 
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(P63^>QT4) 


(SE 


y 


1 


AKECAD& 


LRADRET1 *-A Save return in LRADRET1 i 

-- I 

4 _Initialize values for landing radar 

Initialize STILBAD I 


STILBADH1 

STILBADVJ 

LRLCTRi 

LRMCTH 

LRRCTRl 

LRSCTR J 


Set counters t( 


Compute ' 
alt. and vel. 
beam vectors 
for pos. 1 j 
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\ RODC 

IOMP 7 


\TASKOVEr7 
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(re 


^P65VERTA^ 


V2FG„ - VGU, 




(P66VERT^ 


GROUP 3. 0 


^TWIDDLE, 
TASK 
m 1 src 


(rodcomp) 

HI 


Inhibit 


VDGVERT d — VDGVERT D 
RODCOU 

+ RODCOUNT(RODSCALl) 
NT S— 0 






RUPTREG 1 D — OLDPIPAXp 
RUPTREG3 -—OLDPIPAZ 
OLDPIPAX D -— PIPAX d 
OLDPIPAZ — PIPAZ 
THISTPIPj-j --TIME2 d 
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From Preced 

r 



MPAC — OLDPIPAX + PIPATMPX 
MPAC +1 -— 0 

MPAC +3 — OLDPIPAY + PIPATMPY 
MPAC +4—0 

MPAC +5 — OLDPIPAZ + PIPATMPZ 
MPAC — 0 






DELVROD -—TEMX + RUPTREG 1 - OLDPIPAX 
DELVROD +2 -—TEMY + RUPTREG2 - OLDPIPAY 
DELVROD +4 -—TEMZ + RUPTREG3 - OLDPIPAZ 


TEMX — 0 
TEMY — 0 
TEMZ -— 0 


X 


( jtrpntT ) 


PLO v -— MPAC v (KPIP 1 d ) 

PL30 d -— THISTPIP d - PIPTIME d 
PL30 n 
PL6 D 4SECT28) 

PL24 y — PLOy + (GPT/2y - VBIASy)PL6j 
PL14y — UNIT(Ry) 

HDOTDISP d -— PL14y • PL24 y 
HCALC1 d — PL30 d (HDOTDISP d ) + |Ryl - I LAND l D 
VDGVERT n - HDOTDISP 1 

PLO v 


PL20J 

PP'Ot-v ' 


TAURODp 

lGDT/2 y | 

l gscalf, d 

- PLCL, + PL20 n 


, l ~ 

| MPACy — UNITXy | 


ransform input 
vector from NB 
SM coord. 


Input: MPAC,, = input vector 
v in NB coor¬ 
dinates 

Output: MPACy - transformed 
vector in 
SM coordi¬ 
nates 
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c 


;^inj 

ITRPNT2 J 


\A, L — MPAC n | 


'THROTTLE+3 n 

Update 

throttle 

commands 


V- Sh. 36 
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Save return 
in RETROOT 











































From Preceding Sheet 


Input: MPACp = Argument 



Input: MPAC D = Argument 
Output: MPAC D = Root 


mpac d - mpac d /buf d 
rootps d - rootps d - mpac d 

MPAC n - ABS(MPAC d ) - DXCRIT d 
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SUBROUTINES CALLED ON 
OTHER FLOWCHARTS 


Subroutine 

Flowchart 

Description 

Where 

Called 

R02B0TH 

FC-3220 

IMU status check 

Sh. 2 

RP-TO-R 

FC-3340 

Transform from planetary to basic 
reference system 

Sh. 3 

GUIDINIT 

FC-3950 

Initialize WM ? and |LANDl D 

Sh. 3 

LEMPREC 

FC-3350 

Integrate LM state vector 

Sh. 3 

MUNGRAV 

FC-3850 

Compute lunar gravitational 
acceleration 

Sh. 4 

NEWMODEX 

FC-3020 

Set new major mode 

Sh. 6 

C13STALL 

FC-3340 

Wait till ok to write ch. 13 

Sh. 7 

PRIOCHNG 

FC-3030 

Change job priority 

Sh. 8 

ALARM 

FC-3140 

Store alarm code; turn on program 
alarm light 

Sh. 12, 19, 26 

INTSTALL 

| FC-3350 

Test availability of integration 

Sh. 19 

INTEGRVS 

. FC-3350 

Integrate state vector 

Sh. 20 

STCLOK2 

FC-3840 

Schedule start of CLOCKTASK 

Sh. 21 

R51P63 

FC-3510 

i IMU realignment 

Sh. 22 

PFLITEDB 

FC-3440 

| Zero ^ttitude errors, set deadband 

Sh. 22 

R60LEM 

FC-3420 

j Perform auto attitude maneuver 

Sh. 23 

MAKECADR 

FC-3060 

i Form return address in A 

Sh. 24 

SETPOS 

FC-3935 

1 Compute altitude and velocity beam 
• vectors for position 1 

Sh. 24 

FINDCDUW 

FC-3950 

Compute commands to autopilot 

Sh. 26 

STOPRATE 

. FC-3430 

Zero inputs to autopilot 

Sh. 26 

ZATTEROR 

FC-3430 

' Zero inputs to autopilot 

Sh. 27 

CDU*NBSM 

FC-3320 

j Transform vector from NB to SM 
! coordinates 

Sh. 31 

TPAGREE 

FC-3070 

Force sign agreement of MPAC T 

Sh. 41 

POWRSERS 

FC-3070 

Double precision polynomial 

evaluator , 

Sh. 43 
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FLAGS 



Meaning When 

Set 

Meaning When 

Clear 

Where 

Set 

Where 

Cleared 

Where 

Tested 

NOTHROTL Inhibit full throttle 
Flag 5 Bit 12 

Permit full throttle 


Sh. 2 


REDFLAG Landing site rede- 

Flag 6 Bit 6 signation permitted 

Landing site rede¬ 
signation not permitted 

Sh. 29 

Sh. 2, 7, 
28 

Sh. 9, 2S 

LRBYPASS Bypass all LR up- 

Flag 11 Bit 15 ( dates 

Do not bypass LR up- 


Sh. 2 


MUNFLAG 1 SERVICER calls 
Flag 6 Bit 8 : MUNRVG 

SERVICER calls 
CALCRVG 

Sh. 2 



P25 FLAG 
Flag 0 Bit 9 

P25 operating 

P25 not operating 


Sh. 2 


RNDVZFLG 
Flag 0 Bit 7 

P20 running 

P20 not running 


Sh. 2 


XOVINFLG 
Flag 13 Bit 9 

X-axis override 
locked out 

X-axis override okay 


Sh. 6 


INTYPFLG 
Flag 3 Bit 4 

Conic integration 

Encke integration 

Sh. 20 



MOONFLAG 
Flag 0 Bit 12 

Moon is sphere of 
influence 

Earth is sphere of 
influence 

Sh. 20 



STEERSW 
Flag 2 Bit 11 

Sufficient thrust 
is present 

Insufficient thrust 
is present 



Sh. 25 

FLUNDISP 
Flag 8 Bit 10 

Current guidance 
displays inhibited 

Current guidance 
displays permitted 



Sh. 26 
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LANDING CONFIRMATION 


LAND JUNK Sh. 2 
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(landjunk) 


GROUP 4 


/ Set up restarts to 
' schedule the next 
location as a 
FINDVAC job with / 
same priority / 



Set PULSEFLG 
Set SURFFLAG 
Clear LETABORT 
Set APSFLAG 



Minimum impulse command mode 
LM on lunar surface 
abort programs are enabled 
ascent stage 


Lunar Lat-Long 
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From Preceding Sheet 


push list 
ZERO 


I 

/ R-TO-RP\ 

/ Convert input \ 

' Vector from ' 
Reference to 
\planetary coord./ 
\ FC-3340 



Output: MPAC v = RP vector 

in planetary coordinate 
system 


R1 - LAT -xxx. xx deg -latitude 
R2 -LONG -xxx. xx deg -longitude 
R3 -ALT -xxxx. x n. mi. -altitude 
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SUBROUTINES CALLED ON OTHER FLOWCHARTS 


Subroutine 

Flowchart 

Description 

Where 

Called 

ZATTEROR 

FC-3430 

Zero inputs to autopilot 

Sh. 2 

LAT-LONG 

FC-3330 

Convert radius vector to Lat., 

Long, and altitude 

Sh. 2 

R-TO-RP 

FC-3340 

Convert vector from reference to 
planetary 

Sh. 3 

REFMF 

FC-3520 

Compute LM attitude in moon fixed 
coordinates 

Sh. 3 
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R09, RIO, Rll 


RIO, Rll Sh. 2 

FLIP Sh. 3 

10, 11 Sh. 4 

LRHTASK Sh. 5 

LRHJOB Sh. 6 

HBAD Sh. 7 

LANDISP Sh. 8 
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Issue display inertial data enable 
discrete 
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TRAKLATV - +0 

TRAKFWDV - +0 

LATVMETR - +0 

FORVMETR - 


\taskover7 
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X component 


rut) 


+ (Av p + A Yp^Kt-%) 

_ DT~ Bit 14 + Bit 14+ TIME1 -(PIPTIME +l) 
ITEMP5 ~ 1SEC 

vvect s - dt[4;dt/2 d )|/itemp5 

VVECTg - VVECTg+ 4(V D J 
VVECTq VVECTg+ KP1P1(5) (PIPATMPX+ PIPAX) 


(VVECT +1^ - DT[4 (GDT/2+2)J/lTEMP5 

(VVECT +l)- (VVECT +l)+4(V +2> D 
(vVECT +]) - (vVECT. +i)+ KPIP1(5) (PXPATMFY+ PIPAY> 



<VVECT + 2) ■*- DT [ 4 
(VVECT +2)- (VVI 
(VVECT +2)- (VVECT +?)+ : 

(GDT/2 +4^/ ITEMP5 

3CT +2)+ 4(V +4) d 

KPIP1(5) (PIPATMPZ+ PIPAZ) 


VARDELAY 



\ Return via / 

\ladqsave/ 


n Ascent trajectory? 


No: compute FORVEL and LATVEL 
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ITEMP6—( -MAXVBITS)I -200 ft/sec 

_ A — ONE _I For loop control: 2 times through 


Next Sheet 
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Forward and Lateral 
velocity monitor 


First time: FORVEL 
Second time: LATVEL 
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SUBROUTINES CALLED ON OTHER FLOWCHARTS 


Subroutine 

Flowchart 

Description 

Where 

Called 

LRALT 

FC -3600 

Initiate LR altitude measurement 

Sh. 6 

RADSTALL 

FC-3220 

Wait for completion of radar routine 

Sh. 6 


FLAG 


Name 

Meaning When Set 

Meaning When Cleared 

Where 

Set 

Where 

Cleared 

Where 

Tested 

AVEGFLAG 
Flag 7 Bit 5 

Average (SERVICER) 
desired 

Average (SERVICER) 
not desired 



Sh. 2 

HFLSHFLG 
Flag 11 Bit 1 

LR altitude fail lamp 
should be flashing 

LR altitude fail lamp 
should not be flashing 



Sh. 3 

VFLSHFLG 
Flag 11 Bit 2 

LR velocity fail lamp 
should be flashing 

LR velocity fail lamp 
should not be flashing 



Sh. 3 

LETABORT 
Flag 9 Bit 9 

Abort programs are 
enabled 

Abort programs are 
not enabled 



Sh. 4 

LRBYPASS 
Flag 11 Bit 15 

Bypass all landing 
radar updates 

Do not bypass landing 
radar updates 



Sh. 5 

NOLRREAD 
Flag 11 Bit 10 

Landing radar 
repositioning 

Landing radar 
not repositioning 



Sh. 5 

RNGEDATA 
Flag 11 Bit 4 

LR altitude measure¬ 
ment made 

LR altitude measure¬ 
ment not made 

Sh. 7 



RNGSCFLG 
Flag 5 Bit 10 

Scale change has 
occurred during RR 
reading 

No scale change has 
occurred during RR 
reading 


Sh. 7 


R10FLAG 
FlagO Bit 2 

RIO outputs data to 
altitude and altitude 
rate meters only 

Besides output when 
set, also to forward 
and lateral velocity 
crosspointer 



Sh. 13, 
14. 
16 

D IDFLAG 

Inertial data is 
available 

Perform data display 
initialization functions 

Sh. 14 

Sh. 13 

Sh. 14 
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R12 - DESCENT STATE VECTOR UPDATE 
MAJOR SUBROUTINES ON THIS CHART 
VERB57 Sh. 2 

VERB58 Sh. 4 

VERB59 Sh. 4 

RDRUSECK Sh. 6 

LRPOS2 Sh. 7 

MUNRETRN Sh. 9 
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( LRON ^ 


N^NDOF, 


Test for \ 

extended verb \- 

active / Error 


^ DSP68 ^ 


_ _ R1 - RANG FDSP-xxxx. x naut. mi. -Slant 

GOMARKFR \ Range 

V06N68 \ R2-TTFDISP-xxBxx min/sec-Time to go 

(Display RANGEDSP. R3-DELTAH-xxxxx. feet-LR ALT.-Comp. 
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EXTENDED VERB 58 



Purpose: To inhibit the incorporation of 

landing radar data during descent 
state vector update 


Landing radar updates inhibited by 
astronaut 


Exit viaGOPIN 


EXTENDED VERB 59 
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(LrP2COMI^) 


Reposition \ Output: Landing radar moves from 
Landing \ position 1 to position 2 

radar / 



RPCRTIME -POSMAX 
1 RPCRTOSW - -BIT 14 1 
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T 

(ffl GATAS^ ) 

/ GROUP 1. 5 

I Set up restarts to 
schedule REREPOS as I 
a FINDVAC job with 
priority 32 


Inhibit 


Set 

NOLRREAD 

Set 

PSTHIGAT 




Clear 

RNGEDATA 
Clear 
VELDATA 



Landing radar repositioning 
Past HIGATE 


LR altitude measure not made 
LR velocity measure not made 


Return to SERVICER 





































(POSICHK^ 


^POS2CHK^ 

L 


- BIT6 1 Test position 


Not in proper 


(UPDATCH^ 



SP^X. 

/RNGEDATA \ _ 


X. set? /'No 
Yes] 



yLRPOSALT^ 
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HCALC =» HMAX: Test most significant part 
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NOLRREAI Landing radar repositioning 
Past higate 


(higatjob) 


Reposition 

landing 

radar 


Wait for LR 
antenna 
ipositioning 
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(setposT^ 


f SETPOS ^ 


Store index in Q 


CDUSPOT +4 «- LRALPHA # Q 

CDUSPOT «- LRBETA1 # Q 

CDUSPOT +2 f - 0 


Rotation about X 
Rotation about Y 
Zero rotation about 


Convert UNITY (antenna) to NB 


/TRG*SMNlK Input: MPAC v =Input vector in SM 


Transfon 
from SM to N] 
coordinates 


coordinates 
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■ _ 


VYBEAMNB„ 
MPAC. 


UNITX y 


Convert UNITX (antenna) to NB 


Transform 
from SM to NB) 
coordinates / 


Output: MPAC v =Output vector in 
v NB coordinates 


VXBEAMNB y <- MPAC y 

VZBEAMNBy i - VXBEAMNB y 1-VYBEAMNB^ 

MPAci i - HBEAMANT V 


Transform 
from SM to 1 
coordinates 
\ FC-33~20~ 


|HBEAMNB y 
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Use LR position 2 
transformation 


Landing radar not 
repositioning 


MIT INSTRUMENTATION LAB 
CAMBRIDGE. MASS. 

APOLLO GUIDANCE AND NAVIGATION 

DRAWN /S _ 


R12 - Descent State 

Vector Update 

PRGMR 

ANALST 


LUMINARY 1C 

document no. 

PC-3935 

DOCMR _ 



APPR'n _ 

12U14L 

REV 0 

[SHEET 25 Of 35- 



























(POSALARM) 
















































Subroutine to test t,R 
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I" ^ — I LRVELZ # TIMEHOLD 

I "SEE TABLE)| 

^c.36ooj sg:: 

LRVELX - 4 



MIT INSTRUMENTATION LAB 
CAMBRIDGE. MASS. 

DRAWN - 

W-A? 

ANALST 


DOCMR 

\&xk 

APPR'D PfVnCwdiu 

ajiki 


APOUO GUIDANCE ANO NAVIGATION 

R12 - Descent State 

Vector Update 


LUMINARY 1C 

DOCUMENT NO. 

FC-3935 

REV o 

ISHEETMl Of 36 





























MIT INSTRUMENTATION LAB 

V CAMBRIDGE, MASS. 

APOLLO GUIDANCE AND NAVIGATION 

DRAWN 


R12 - Descent State 

Vector Update 

PRGMR 

hlLlil 

LUMINAR'V 1C 

DOCUMENT NO. 

FC-3935 

DOCMR I 4 

/‘/Wtt 


GL'te 

REV 0 ISHECT 32Of 36 


























LR velocity fail lamp 
should be flashing 


S = 


M 


If Z velocity data 
unreasonable, by¬ 
pass X velocity 
update on next pass 


(ENDVDAT = VALTCHK) 
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1 

Sh. 2 

Sh. 5, 22, 29 

Sh. 5, 12 

Sh. 14, 18 

Sh. 22 

Sh. 23 

Sh. 24 

c 

Test for extended verb active 

Delay job 2 seconds 

Wait for end of radar routine 

Store alarm code 

Delay task 2 seconds 

Test MPAC d 

Multiply MPAC t 

Compute lunar gravitation acceleration 

Change job priority 


mini n mill 

I 

TESTXACT 

RADSTALL 

ALARM 

FIXDELAY 

VARDELAY 

BRANCH 

jj jjljjji 


























Where 

Sh. 14, 19 

Sh. 6, 9 

l 2 

l 2 



£ 

1 

I s ; 


Sh. 11,22 

R29 allowed 

R is not on 

Averageg (SERVICER) off 

Tracking not allowed 

Above limit do not inhibit 

X axis override oka 

Meaning When Set_ 

R77 is on 

Averageg (SERVICER) 

B py pass an ending radar 
Tracking allowed 

Below limit inhibit X-axis 

I 

l 

Name 

I FLAG 11 BIT 8 
NOR29FLG 

FLAG 3 BIT 11 

R77FLAG 

FLAG 5 BIT 11 

V37FLAG 

FLAG 7 BIT 6 

LRBYPASS 

FLAG 11 BIT 15 

TRACKFLG 

FLAG 1 BIT 5 

LRPOSFLG 

FLAG 12 BIT 6 

XORFLG 

FLAG 11 BIT 9 

XOVINFLG 

FLAG 13 BIT 9 

NOLRREAD 

FLAG 11 BIT 10 
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R13 - Landing Auto Modes Monitor 


LUNLAND Sh. 2 
DESCBITS Sh. 6 
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(lunland) 


Entry point from Servicer (SERVOUT) 
every 2 seconds during lunar landing 
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Zero incremental angles, 
rates and biases for roll, 
pitch and yaw 


X-axis override OK 
Landing site redesignation 
not permitted 


MIT INSTRUMENTATION LAB 
CAMBRIDGE. MASS. 

APOLLO GUIDANCE AND NAVIGATION 

DRAWN _ 


Landing Auto Modes Monitor 

PRGMR 

analst 


LUMINARY 1C 

DOCUMENT NO. 

FC-3940 

DOCMR 


APPR , P^g^».ts6aL^7l 


REV 1 (SHEET 5 OF 7 ' 
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Landing Auto Modes Monitor 

























SUBROUTINES CALLED ON OTHER FLOWCHARTS 


Subroutine 

Flowchart 

Description 

Where Called 

DISPEXIT 

FC-3900 

Lunar Landing Entry Point 

Sh. 2 

GUILD RET 

FC-3900 

Lunar Landing Entry Point 

Sh. 3 

VERTGUID 

FC-3900 

Lunar Landing Entry Point 

Sh. 3, 5 

NEWMODEX 

FC-3020 

Change Major Mode Display 

Sh. 3 

STOPRATE 

FC-3430 

Zero Inputs To Autopilot 

Sh. 5 


FLAGS 


Name 

Meaning When Set 

Meaning When Cleared 

Which 

Set 

Where 

Cleared 

Where 

Tested 

ZOOMFLAG 
Flag 5, Bit 8 

Throttle-up has 
occured in P63 

Throttle-up has not 
occured in P63 



Sh. 2 

RODFLAG 
Flag 1 Bit 12 

If in P66, normal 
operation continues 

If in P66 reinitializa¬ 
tion is performed 

Sh. 4 


Sh. 3 

XOVINFLG 
Flag 13 Bit 9 

X- axis override 
locked out 

X-axis override 
permitted 


Sh. 5 


REDFLAG 
Flag 6 Bit 6 

Landing site 
redesignation 
permitted 

Landing site 
redesignation not 
permitted 


Sh. 5 
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